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INTRODUCTION
The Armed Services Blood Program Office's (ASBPO) mission is to provide quality blood products, blood substitutes, and services for all worldwide customers in peace and war.
Complicating this mission is the extended delays that can occur during shipment of blood products into areas of operation during times of conflict, making it difficult to ship platelet concentrates (PCs) and ensure that upon arrival at their destination, the product would maintain viability and functionality. The Code of Federal Regulations (CFR) states "If stored at 20 to 24 *C, a continuous gentle agitation of the platelet concentrate shall be maintained throughout the storage period."' However, the CFR offers no guidelines concerning shipment of PCs between periods of storage, further complicating the ASBPO's mission. In addition to the CFR, the AABB Standards 2 only state that the total duration of interruption of agitation should not exceed 24 hours.
Several investigators have studied the effects of shipping conditions on PCs without agitation in detail. Koerner 3 showed that PCs could be well preserved under shipping conditions for up to 10 hours. Moroff & George 4 maintained PCs without agitation for 24 hours to simulate worst-case shipping conditions. PCs were stored in a standard American Red Cross card-board blood shipment box (9½" x 11½" x 11½" with 1-inch styrofoam lining). There was a significant (P<0.05) decrease in pH levels, 7.27 (continuous agitation) and 7.10 (discontinuous agitation).
However, the results from discharge of lactate dehydrogenase (LDH) from platelet cytoplasm expressed as percent total platelet LDH, 8.6 (continuous agitation) and 6.6 (discontinuous agitation), favored discontinuous agitation.
Hunter et al. 5 interrupted agitation for periods of 1, 2, and 3 days by either stopping the agitator or storing PCs in a shipping container (17½" x 15" x 15" card-board box with 3-inch styrofoam) that remained stationary (simulated shipping conditions). After the interruption of agitation period was complete, PCs were placed back on the agitator for the remainder of the storage period (5 days total). Lactic acid production and P0 2 increased during interruption, but returned to baseline levels when agitation was resumed after a 24-hour interruption. They demonstrated that a 24-hour interruption of agitation, on the agitator or within a shipping container, does not appear to injure platelets, as long as PCs resume some form of agitation.
Interruption for periods of 2 and 3 days however, resulted in increased lactic acid production capable of lowering pH levels to •<6.5. They noted this drop in pH occurred when platelet counts exceeded 2.5 x 1012/L and 1. 5 hours or less with a platelet count <1.4 x 10 6 /ptL and plasma volume of 50 -70 mL.
Thus, we believe that the effect of shipping conditions on PCs without continuous agitation has been incompletely studied. Most PC studies have been performed with simulated shipping conditions only, 3 5 storing PCs in a stationary shipping container, yielding results that are not a true representation of the shipping environment of blood products. We feel that during normal transportation of liquid blood products, PCs in particular, that the shipping container will undergo a certain degree of movement, providing PCs with adequate agitation in order to 6 maintain active oxidative phosphorylation and a pH >6.7. Furthermore, most investigations into the adverse effects on PCs during interruption of agitation have been assessed on PCs prepared from random donors, not PCs from plateletpheresis. PCs that are collected by apheresis technique are of interest to the industry due to the growing trend of apheresis collection for platelet products. Therefore, the affects of shipping on the quality of apheresis PCs needs to be assessed. 5 The present study was undertaken to determine the effect on apheresis platelet quality 
MATERIALS AND METHODS
Platelet Collection and Preparation of PCs
We Nonagitated bags returning from shipment were mixed carefully before sampling. We reduced the PC volume, 287-mL (SD ± 27-mL) aliquots after preparation, to an average of 256-mL (SD + 27-mL) on Day 5.
In vitro Assays
Platelet counts were determined by the Coulter® AC.T diff 2 TM Analyzer (Coulter Corporation, A Beckman Coulter Company, Miami, FL 33196) using the Coulter method which counts and sizes cells by detecting and measuring changes in electrical resistance when a particle in a conductive liquid passes through a small aperture. WBCs and RBCs were also counted on the Coulter® AC-T diff 2TM Analyzer.
pH, P0 2 and PCO 2 measurements were made on the Ciba Coming 855 Blood Gas
Analyzer (Bayer Corporation, Tarrytown, NY 10591) with a Co-oximetry module using ion selective electrodes.
HSR and ESC were determined as previously described 7 On Day 5 of storage, swirling of the platelet suspension was scored on a 0 to 3 scale as described previously. 8 
Statistical Analysis
All results are expressed as the mean (n = 6: 24-and 48-hour shipment) ±1 SD.
Significance was determined as P<0.05 for the hypothesized means between groups. Statistics were determined by the Student's two-tailed paired t-test.
RESULTS
The in vitro properties of platelets were retained during a 5 day storage period in which continuous agitation of PCs was discontinued during shipment for periods of 24 and 48 hours (Tables 1 and 2 ). The effects of shipping PCs without continuous agitation at 20 to 24°C for 24 hours are shown by the data summarized in Table 1 . The effects of shipping PCs without continuous agitation at 20 to 24 °C for 48 hours are shown by the data summarized in Table 2 .
In both series of the experiment, there was a significant but small decrease (P<0.01) in pH levels on the day of return shipment in PCs that were shipped for periods of 24 and 48 hours.
When the test concentrates were subjected initially to shipment during the period of discontinuous agitation, the mean pH level was only 0.25 (24 hour shipment) and 0.20 (48 hour shipment) units less than that determined for the control concentrates, and in no case was the pH of any concentrate less than 7.0 after 5 days of storage. Lactate concentrations increased after 5 days of storage in all PCs. There was a significant rise (P<0.05) in lactate concentration in PC units that were subjected to discontinuous agitation for 24 and 48 hours, both on the day PCs returned from shipment, and on Day 5. However, there was no predictable relationship between lactate concentration and pH levels (Figures 1 and 2 ). The data in Tables 1 and 2 show that there was no significant differences in HSR PLT quality among control units and PCs that were subjected to discontinuous agitation for periods of 24 and 48 hours. Nonetheless, HSR results, as a marker of metabolic activity expressed in percent, favors discontinuous agitation. ESC, as a marker of PLT morphology, showed a significant difference (P<0.05) on Day 5 among control units and PCs exposed to discontinuous agitation during shipment. ESC results also favor discontinuous agitation.
Glucose levels decreased after 5 days of storage in all PCs. There was a significant drop (P<0.05) in the glucose concentration in PC units that were subjected to discontinuous agitation for 24 and 48 hours, on the day PCs returned from shipment (Days 2 and 3). Figure 5 shows the relationship between glucose and lactate levels; as glucose levels decreased, lactate increased for both series of the experiment. ATP production, however, was not significantly influenced by the experimental environment that the PCs were exposed to. Agitation is considered necessary with the beneficial effect of facilitating diffusion of gases through the walls of the containers. 9 This phenomenon is associated with the maintenance of satisfactory pH levels and post transfusion platelet viability properties 1°' 11 by facilitating oxygen influx and carbon dioxide efflux through the walls of the PC containers. 9 Holding or shipping platelets for extended periods in the absence of continuous agitation could have deleterious effects resulting from changes in the pH level, lactate levels, or other factors. This study was conducted to examine how platelets are affected by being transported without continuous agitation for 24 and 48 hours while temperature was maintained at 20 -24 'C inside a new prototype shipping container (the Golden Hour Platelet container).
The changes observed in PCs shipped for 24 and 48 hours without continuous agitation were minimal. The reduction in the pH levels, albeit small, probably were due to the slightly decreased transmission of oxygen and carbon dioxide across the plastic container walls during the shipment period. Under no test conditions did discontinuous agitation affect a change great enough to result in any value outside the range expected for stored PCs on the basis of previous studies. 12, 13 The results from this study confirm and extend the results of Simon and Sierra, 6 who showed that PCs could be transported to distant locations early in the PC's shelf life. We found that an interruption of continuous agitation for a 1 or 2 day period did not excessively accelerate the production of lactic acid, so that it did not result in a drop of pH levels to less than 7.0 on Day 5 of storage; contradicting the data presented by Hunter et al. 5 They concluded that the increase in production of lactic acid occurs while agitation is interrupted. When agitation was resumed, the rate of production of lactic acid returned to baseline. We believe that the accumulation of lactate is a continuing process, an end product of glycolysis which is one of the metabolic pathways in platelets. Our data supports Kilkson et al.1 4 findings that lactic acid production will occur during the storage period, even in the presence of adequate 02. As the data in Figure 5 indicates, glucose levels dropped as lactate increased. However, lactate levels did not exceed 20 mmol/L, so that bicarbonate was not completely utilized buffering the other end product of glycolysis, hydrogen ions, thus avoiding the rapid decrease in pH levels. 15 The periodic mixing that the shipping box underwent during transportation supplied adequate influx of 02 and efflux of CO 2 through the PC container wall, even though PCO 2 levels in PCs subjected to discontinuous agitation had a significant increase (P<0.01) and P0 2 levels had a significant decrease (P<0.01, 24 hour; P<0.05, 48 hour) after their shipment period for both series of the experiments, reinforcing the results of Mitchell et al.1 6 We believe this phenomenon may be due, in part, to PC units being stacked horizontally one on top of the other inside the Golden Hour Platelet container (2 units to a container), not allowing maximum gas exchange across the container walls with the surrounding air, as prescribed by Holme et al. 17 One encouraging aspect of this study was that the morphology scoring property was not influenced by discontinuous agitation for the duration of shipment, since the retention of morphologic characteristics during storage has been associated with satisfactory post-transfusion viability properties.' 8 Hunter et al. 5 also suggested that simply stopping agitation does eventually damage PLTs, with all of the damage related to an acceleration of the production of lactic acid, the extent of which correlates with the total duration of the interruption of agitation. Accelerated production of lactic acid does not damage the platelets unless the pH drops to or below 6.5. Therefore, interruption of continuous agitation under the circumstances of shipment is not damaging.
However, we must add two caveats to that statement. In general blood banking processes, agitation might be interrupted from time of collection to time of transfusion often with varying lengths of interruption, where damage to PCs might be a cumulative affect, and temperature was maintained at 22 to 24 'C during shipment of the PCs. Our study did not look at the effects of discontinuous agitation after the PCs returned from shipment, as PCs were maintained on the axial rotator for the remainder of the storage period. Nor did we study the effects on PLT quality without strict temperature control, as PCs were transported using a new shipping container in tandem with a new shipping protocol (Golden Hour Platelet container placed inside a Collins box with appropriate packing materials).
Blood and blood products for the ASBPO's mission are collected and processed at 
